Introduction

Mg
2+ efflux from erythrocytes can be detected after loading the cells with Mg 2+ . Mg 2+ efflux from Mg 2+ -loaded eiythrocytes occurs by amiloride-sensitive electroneutral Na" Both Mg 2+ efflux Systems are differently expressed in erythrocytes of various species. Na + /Mg 2+ antiport is highly expressed in rat erythrocytes, whereas Cl~-accompanied Mg 2 " 1 " efflux is relatively more expressed in human thaa rat erythrocytes (4) .
In preceding experiments we found increased Na + / Mg 2+ antiport in erythröcytes frorn patients with cystic fibrosis (5) . Na~*~/Mg 2+ antiport correlated, with the clinical score of the disease, being highest in erythrocytes from patients with score 3 but beüig not significantly yacreased in :scores l and 2. Na ?+ efflux in choline chlöride or sucrose medium, was not affected (5) . The increase in Na + /Mg 2+ antiport showed no obvious correlation to the DF 508 mutation (6) which is responsible for 70-80% of the genetic defect (7 y 8).
In an ipvestigation of Na^/Mg 2 " 1 " antiport in individual patients, this process was also found to be increased in a patient with thalassaemia (unpublished). Cystic fibrosis patients with score 3 were suffering from pulmonal infections. During infection, granulocytes show oxygen burst which is combined with the formation of H2O 2 and oxygen free radicals. Oxygen free radicals produced by stimulated neutrophils can attack erythrocytes (9) . Indeed, in cystic fibrosis patients the formation of free radicals was increased (10) and the free radical trapping capacity in plasma of cystic fibrosis patients was reduced (11) .
Also, free a-or ß-chains of haemoglobin, which are formed in thalassaemia, induce a higher rate of oxygen free radicals than haemoglobin (Hb) (12 (14, 15) . However, it is not known whether H 2 O 2 or OH' is the reactive oxygen species (9).
Materials and Methods
The experiments were performed with normal human erythrocytes (from one donor, J. V.) and rat erythrocytes from unstarved normal male Wistar rats weighing 200 g. Blood was taken (from rats under Nembutal anaesthesia (50 mg/kg i. p.) with a heparinized syringe, and centrifuged at 1000g for 10 min. The plasma and bufry coat were aspirated and the red celis were washed twice with 150 mmol/1 KC1.
The cells were loaded with Mg
24
" by incubating a cell Suspension (100 ml/l) for 30 min at 37 °C in KC1 medium (in mmol/1: 140 KC1; 12 MgCl 2 , 50 sucrose, 5 glucose, 30 Hepes-Tris, pH 7.4) with the addition of 6 μηηοΙ/1 Α23187 dissolved in dimethyl sulphoxide. For removal of the ionophore the cells were incubated four times in KC1 medium plus 10 g/l bovine serum albumin for 10 min at 37 °C. Thereafter, the cells were suspended in KC1 medium and 2 mmol/1 Na azide was added to inhibit catalase. After 5 min, l -20 μιηοΐ/l H2O 2 was added s indicated and the cells were incubated at 37 °C for 45 min. Azide and H 2 O2 were removed by washing the cells twice in cold choline chloride medium (see below). 
Results
Treatment of the erythrocytes with H 2 O 2 caused formation of methaemoglobin. Haemolysis was not observed. efflux was the same s that in NaCl medium ( fig. 2, 3 The unspecificity of leak efflux was additipnally shown by the iricrease of substances in the incubation medium that absorb at 260 rirri (data not shown).
Human erythrocytes
Mg 2 * efflwc
The low rate of Mg 2+ efflux from human erythrocytes is less accurately measur ble than the faster Mg2+ efflux from rat erythrocytes. 
Discussion
The effects of H 2 O 2 on Na + /Mg 2+ antiport and Na + -independent CP-accompanied Mg 2+ efflux were completely different from the alteration of both Mg 2+ efflux Systems in erythröcytes from patients with cystic fibrosis. Therefore, the increase in Na + /Mg 2+ antiport in cystic fibrosis patients with score 3 is not caused by oxygen radicals, although in cystic fibrosis patients the formation of free radicals is increased (10) . Hence, increased formation of free radicals is not involved in the increase of Na + /Mg 2+ antiport in erythröcytes from cystic fibrosis patients. Probably, the rate of oxygen radical formation in cystic fibrosis patients is not sufficient to injure erythrocyte membranes. The mechanism, by which Na + /Mg 2+ antiport is increased in cystic fibrosis patients, is still unknown.
In cultured amnion cells, oxygen radicals, formed by addition of xanthine oxidase plus xanthine, reduced the concentration of intracellular free Mg 24 " (13) . Our results indicate that this effect is due to Na + -independent Mg 2+ efflux.
Either an existing Cl~-associated Mg 2+ efflux was enhanced or, more probably, another Mg 2 " 1 " efflux was induced by the action of oxygen radicals. The latter Suggestion agrees with the result that the newly-induced Mg 2+ efflux was not inhibited by SITS.
In analogous experiments with human erythrocytes treated with f-butylhydroperoxide and azide, membrane holes with a radius of 0.5 nm were formed (16) . The formation of these leaks was not correlated with oxidative denaturation of haemoglobin and oxidation of membrane protein SH-groups (16) . However, leak formation was correlated to lipid peroxidation äs monitored by the occurrence of malondialdehy49 (16) .
These membrane holes were permeable to small anions such äs Cl~, alkali cations, and to somewhat larger nonelectrolytes (16 As an alternative mechanism to the formation of membrane holes, it was found that M>utylhydroperoxide may activate K" 1 " channels in liver cells (18) . Whether these K + channels are permeable to Mg 2+ was not tested (18) .
The reduction of Na+TMg-+ antiport and the reduction of SITS Inhibition of Na^-independent Mg 2+ efflux by H 2 O 2 suggest inactivation of the corresponding membrane proteins by H 2 O 2 or oxygen radicals.
